BIOCLIMATIC CHANGES IN WESTERN AUSTRALIA

By J. GENTILLI, University of Western Australia, Nedlands.

A eonsiderable amount of material has beeome available on the
subject of climatie changes. Lysgaard (1949) quotes some 500 titles
in his bibliography, and more publications of loeal importance
could be added. It is a gencrally aeceepted fact that elimate is
gradually changing, and it is widely believed that the ehange is
in the nature of an oseillation. The changes aseertained so far are
particularly noticeable in the Northern Hemisphere, where there
has been a rise in temperature and an inereased {requeney of mari-
time air masses, with a conscqueni inercase in eloudiness and
rainfall.

Mueh has been written on the elimates of the past and the way
they may have affeeted plant and animal life. The symposium
published by the Geologieal Soeiety of Ameriea (1949) might be
quoted for the Northern Hemisphere, and the several biblio-
graphies it-eontains may be used for further referenee. For Aus-
tralia the pioncer work is that of Herbert (1928), Wood (1930)
and Crocker and Wood (1947) as far as plants are coneerned. As
to animal life, an analysis of past elimates is given by Gentilli
(1949).

Very little worlk, however, has been done on the biological conse-
quenees of present-day elimatic ehanges, although many changes
in the geographical oeeurrenee of speeies have been notieed with-
out being speeifically attributed to any elimatie ecause. The work
of Kalela (1949) could be quoted for Finland, a region where
reeent elimatie ehanges have been well marked, and of great eon-
sequenee to animal life.

The Australian writers quoted above have mentioned the effeet
of climatie ehanges on Australian plant and animal life, espeeially
with regard to.the “Great Aridity” of the carly Reeent, perhaps '
some 10,000 years ago. No attempt has becn made so far to asscss
the exaet amount of elimatie ehange required in order to causc
any signifieant change in the biological environment.

Prescott (1946, 1949) quotes the following eritical values of
where P is the total monthly preeipitation and E the total

E0.75.
monthly evaporation:

For the break of scason ..

To start and maintain growlh “after ‘break of drought

Before drainage begins in gauges ..

For vegetation of low transpiration or Tor “stari Tof dramaz,c
through bare soll _. 0.08

For vegetation of .1\exage tmnspimuon ‘or for balance between
water intake and loss in catchment arcas ..

For balance between water intake and loss in field’ \cgemtlon e 1,30
to
1.50
For vegetation of high Lransplration ......... 1.60
For rice ltelds ... . e 2.00

175



Because of the difficulty of measuring evaporation, Thorn-
thwaite (1948) evolved a method for the computation of the com-
bined evaporation from vegetated soil and transpiration from
plants, and suggested the term evapo-transpiration for this com-
bined water-loss. A climatic analysis of Western Australia according
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Fig. 1—ADDITIONAL RAINFALL NEEDED to support
vegetation of average transpiration during the month of January,
expressed in inches. The shaded arca has sufficient rainfall on the

average.
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to this method was given by Gentilli (1948), who latcr gave a
table of monthly climatic values computed according to a modified
formula which makes Prescott’s and Thornthwaite’s formulae com-
parable (Gentilli, 1950).

It is possible to compute the amount of rain which must be

Fig. 2—ADDITIONAL RAINFALL NEEDED to support vege-
tation of average transpiration during the month of April, cx-
pressed in inches. The small arca in the South-west usually gets
sufficient rainfall; most of thc southern region necds an additional
inch or two.
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added to or subtraeted from the total monthly rainfall in order
to reach a balance between outgoing water (evapo-transpiration)
and incoming water (rainfall). This balanced condition corresponds
to 1.20 in the list of eritical values given above, i.e., to the normal
balance required by vegetation of average transpiration.

Figs. 1 to 4 show the amount of additional rainfall needeqd
during the respective month in order to reach the optimum condi-
tion for vegetation of average transpiration, assuming that optimum
conditions prevail in the remaining months in each case, i.c., that
there is no carryover of moisture from one month into the follow-
ing ones.

It will be seen that January has more than the amount of
water required only in the extreme north of Western Australig,
The rainfall of the northern grasstands falls somc 2 inches short
of the optimum. That of the north-western soft-spinifex grass-
lands falls some 5 to 6 inches short, The arid region needs over
6 inches in order to reach the optimum. Further south, even the
heart of the karri forest needs from 3 to 4 additional inches of
rain to reach optimum conditions in January. It is obvious that any
foresceable climatic ehange is likely to fall far short of the amount
needed to change the Western Australian January into a humid
month, with tlie exception of the northern region, as far as Broome
and Hall's Creek, where only 1 to 2 more inches would transform
the landscape.

In April the karri forest region has already reached optimum
conditions, and the jarrah forest needs less than 1 additional inch
of rain to do the same. Nearly all the region south of latitude 30°
S eould reach a climatic optimum in April by the addition of less
than 2 inches of rain. Larger amounts are needed elsewhere, up
to 5 inches in the drier north-west.

During July most of Western Australia reaches or approaches
a climatic moisture optimum. The south-eastern forest region
actually receives some 6 inches more than the optimum, and the
whole arca from Sharks Bay to Israelite Bay excecds the optimum
rainfall. An increase of less than 1 ineh would be enough to bring
the whole of WWestern Australia except the Kimberley region
within the optimum.

Conditions in October resemble those which prevail in April,
but the south-western region is slightly better off in October,
because of the last rains obtained from travelling fronts. The
remainder of Western Australia, because of the autumn tropieal
cyclones, is better off in April,

These maps show that even small additional amounts of rain
may cause widespread changes during some montns.

It is also possible to compute the additional amount of rain
whieh is needed to reach hygrostatic balance for the whole year,
i.e. the amount of rain which should be added to the average
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annual total in order to obtain those eclimatic conditions under
whieh the effect of leaching in the soil is balanced by that of the
addition of organie matter. It will be seen from Fig. 5 that very
considerable elimatie ehanges would be nceessary before the posi-
tion of the “hygrostatie zero” line moved very far. To bring the

Fig. 3—ADDITIONAL RAINFALL NEEDED to support
vegetation of average transpiration during the month of July,
expressed in inches. The shaded arcas usually receive suflicient
rain for the purposc, so that rain should be decreased in order to
reach the minimum required.

179



“hygrostatie zero” line less than 100 miles further towards the
interior than its present position there should be an inerease of
20 inehes in the annual rainfall. If that happened, the outer edge
of the forest would only move some 70 or 80 miltes towards the -
interior,
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Fig. 4—ADDITIONAL RAINFALL NEEDED to support vege-
tation of average transpiration during the month of Oetober, ex-
pressed in inehes. The great deficieney of rainfall in the Kimberley
region stands out very elearly. The last frontal rains make eondi-
tions in the South-west nearly adequate.
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Writers have stressed the effcet of the past “Great Aridity,”
and it is towards a study of arid changes that research should be
directed. Fig. 6 shows some results of this rescarch. The margin
of the desert is found at prcsent along the dented linc marked 0
on the map. A dccrease of only 5 inches in the annual rainfall,
if suitably spread throughout the wetter part of the year, would
be sufficient 1o bring the desert margin to where the wandoo
woodland is found at present. The semi-arid woodland of mallec
and salmon gum would become an cxpansc of mulga. The various
species of mallce and the salmon gum with its associatcd species
would be confined to a narrow bell, less than 100 miles wide,
where the wandoo grows at present.
The importance of the South-west as a biological refuge is
clearly shown by this map. Even if the average rainfall decreased
by 30 inches, the edge of the arid zone could not reach the south-
western cdge of the plateau, where the denscr forests grow at
present. The samc may be said of thc north-western Kimberley
area. On the other hand, a decrcasc of only 5 to 10 inches in the
annual rainfall of the Kimberley region would bring the arid
zone past Derby and Wyndham.
The scmi-arid region which extends over the Hamersley Range
and as far cast as Nullagine, intcrrupted by gorges and steep
slopes with innumecrable microelimates, is now separated from the
scmi-arid belt of pindan country and Kimberley grassland. An
inerease of 1 inch or little more in the annual rainfall would
create a corridor joining these regions along the littoral, just west
of thc sandy dcsert.
*The vagucness of the eucalypt-mulga boundary is well under- .
stood after a study of this map. An incrcase of only 1 inch in the
total annual rainfall would make thc arid cdge recede by 100 to
200 miles, probably ecnabling ecucalypts to grow much further
inland than at present. The migration of the arid belt between
its positions with a 1-inch increase and a 5-inch decrease in the
annual rainfall would span a4 maximum of 500 miles, from latitude
27° S to 33° S. Further west the span is much less, and ncar
Sharks Bay il covers only some 50 miles or so. The arca affccted
is approximatcly 240,000 square miles,
A morce detailed cstimate of the arecas concerned shows that
the arid edge would cngulf the following areas for cach rcspective
change in the total annual rainfall:
after a dccreasc of 5 inches, about 120,000 sq. m. in the South-
west, over 45,000 sq. m. in the Hamersley-Nullagine region,
and somc 20,000 sq. m. south of the Kimberley region;

after a further deccrease of 5 inehes, some 50,000 sq. m. in the
South-west and over 100,000 sq. m. in the Kimberley
region;

after a further decrease of 10 inches, some 30,000 sq. m. in

the South-west and a smaller arca in thc Kimberlcy
region.
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Fig. 5.—ADDITIONAL ANNUAL RAINFALL NEEDED to
reach hygrostatie balanee (zero), expressed in inehes. The very
steep elimatic gradients of the South-west stand out elearly and
eontrast with the broad transition zones found further inland.
Notiee the large area which would need some 40 inehes of rain in
addition to its prescnt rainfall in order to reaeh hygrostatie balanee
(in which ease it could support woodland vegetation and develop
neutral or slightly acidic soils).
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Fig. 6.—POSITION OF THE DESERT MARGIN correspond-
ing to any deerease in the total annual rainfall, expressed in inches.
Notiee the inereasing steepness of the gradient towards ihe extreme
north-west and south-west of the map, ard the broad transition
zone on both sides of the zero line from Sharks Bay to the Great
Australian Bight.
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An increase of 1 inch would bring back into the scmi-arid
zone and outside the arid edge some 120,000 sq. m. of country
north of the prescnt mulga-eucalypt boundary.

The Western Australian environment is, therefore, much more
deeply affected by movements of the arid margin and by a decrease
than by an increase in the rainfall. So far, past biological history
seems to bcar this out.
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